Defining food security in terms of availability and access to sufficient food to meet dietary needs for a productive and healthy life, this paper assessed the effects of property rights to land on household food security in the Savanna zone of northern Nigeria. The paper analyzed household expenditure profile, examined households' tenure and land use factors, determined the effect of these factors on household food security status, and predicted/classified households into food security groups based on these factors. Primary data were generated from a cross-section of 180 farming households during the 2006/2007 production season, using pre-tested structured questionnaire. Data were collected on tenure and land use characteristics, input-output relationships, cropping patterns, land improvement techniques, and on household expenditure and income. Focus group discussions and key informant interviews were also conducted. Secondary data were obtained from Local Government secretariats and the National Population Commission. Data were analyzed using descriptive statistics, probit regression and discriminant techniques. Results showed that the customary tenure arrangement is the most important way by which farm households gain access and manage land in the zone. On the average, households cultivated less than two hectares of land with less than two years of fallow. Inorganic fertilizer was the most commonly used land improvement technique by all households, but at rates below recommended dosage due to scarcity and high cost. Only 25% of the households were categorized as food secure and 75% as food insecure. Expenditure on food accounted for over 30% of total expenditure and was significantly higher for the food secure households. Probit estimates revealed that age, farm size, use of land improvement techniques, membership of association, and access to extension service were significant determinants of households' food security options, while these factors except age were identified as the most powerful discriminators and predictors of household's food security options using discriminant analysis, with 92.7% of the sampled households correctly and satisfactorily classified. This suggests that meaningful land intensification through proper management and effective extension service is the likely development pathway in the study area. In addition, the classification of households can support policy making strategies that target specific groups for government and non-government programme implementation.
INTRODUCTION
Agriculture has been a major contributor to Nigeria's economy for several decades, as it provides food for the people, raw materials for the agro-allied industries and earns foreign exchange for the economy [1, 2] . However, rising population and industrialization have increased the pressure on land resulting in reduced farm outputs that is not sufficient to meet national food demand. The farming households also have to cope with food supply shortages, inefficient storage facilities, price fluctuations, and resource limitations for their farm production operations. This further creates gaps in resource availability among the poor. The impact of this is far-reaching in that the food situation gets worse; farms are being abandoned to the elderly or for off-farm jobs, while the income from off-farm activities is not enough to meet household needs [3, 4, 5] . This situation calls for guided change. Concern over the food security situation in sub-Saharan Africa as indicated in the Millennium Development Goals is to reduce the number of the food insecure by half by 2015. Given that land plays an important role in the livelihoods of the majority of rural households, food security and poverty reduction cannot be achieved unless issues of access to land, security of tenure and the capacity to use land productively and in a sustainable manner are addressed. IFPRI's report on Vision 2020 pointed out that food security solution that fails to address natural resource issues effectively would not be sustainable.
Defined in terms of availability and access to sufficient food and other basic needs to meet dietary needs for a productive and healthy life, food security is a fundamental objective of Nigeria's agricultural policy [6, 7, 8, 9] . However, the widening degradation of agricultural land, coupled with the low adoption/use of environmentally friendly and socio-economically robust technologies among resource-poor rural households have created a serious gap in meeting this objective. It is important to note that the tenure terms upon which land is held define the use relations of the land to the farm as an economic unit and also the price or performance required for the use of the land [10, 11, 12] . Thus, farmers' socioeconomic conditions, land tenure and land-use are important factors in agricultural production [10, 11] . In the past, traditional agriculture had been compatible with the level of population and the ecological environment with effective restoration of soil fertility through long fallow periods for the level of crop yields and cropping intensity. In the last three decades, the land tenure systems have been confronted with problems of fast population growth and competing economic uses of agricultural land and have resulted in reduced land: man ratio, reduced fallow periods and the intensification of land-use [2, 13, 14] . This has prompted changes in land tenure systems with increasing land fragmentation and rapid soil degradation resulting in reduced farm yield and income/ expenditure levels, as well as unsustainable use of the productive capacity of the land resource base. The reduced yield and income levels are capable of worsening the standard of living of the people.
Various studies have applied different analytical techniques to evaluate the determinants of food security, and these techniques determine to a large extent, the robustness of the statistical results. For instance, using the Logit model to analyze food security measures in Borno state, Nigeria, over 58% of the sampled households were found to be food insecure, with household size, gender, educational level, farm size and type of enterprise being major determinants of food insecurity [15] . Analysing data from 74 households in Kwara state using food indices and descriptive statistics, more than 60% of the households were found to be food insecure [16] . Other studies [17, 18, 19, 20, 21] have employed different methodologies including participatory rural appraisal (PRA), descriptive and inferential statistics to show that between 50-80 percent of rural households were food insecure. Fragmentation of land as a result of population pressure, inadequate access to farm inputs, and limited access to labour-saving implements were identified as causes of food insecurity. While these studies addressed the issue of food security with variations in techniques and results, least attention was placed on the specific effects of tenure rights and land-use factors on food security. This paper, therefore, analyzed household expenditure profile for categorization into food security groups, examined households' tenure and land-use factors, determined the effect of these factors on their food security status, and predicted the classification of the rural households into food security groups based on these factors.
METHODOLOGY
The study area The study was conducted in 4 Local Government Areas (LGAs) in the dry savanna zone of Nigeria. This zone, located in the northern part of the country, is the most extensive vegetation belt representing about 13% of total land area. Two seasons can be distinguished -the rainy season from May/June to September/October and a long dry season from October to May. As a lowland area (elevation < 800m), the mean annual rainfall is between 1200 and 1700 mm, with 150-200 days growing period and temperature range from 27-34 o C. Population densities range between 200 and 700 persons per square kilometer in the area [22] . The region is dominated by cereal-based traditional agricultural production systems and major crops grown include maize, soybean, sorghum and cowpea.
Data collection methods and sampling procedure
Primary and secondary data were used. Primary data were generated from a crosssection of 180 farming households using a pre-tested structured questionnaire. Data were collected for the 2006/2007 production period on households' tenure and landuse characteristics including their food and non-food expenditures, input-output relationships, and land improvement techniques. Focus group discussions (FGDs) were conducted in each LGA to complement data from the survey questionnaire. Each FGD comprised 12 participants, male and female, who were traders and farmers of different wealth categories. Key informants such as village heads, heads of farmers and zonal chairmen of the state's Ministry of Agriculture in the LGA provided information about the beliefs, attitudes and practices of the people. Personal observations were also made. Secondary data on population, and vegetation were obtained from the publications of State Ministries of Agriculture, Local Government secretariats and the National Population Commission. A multi-stage random sampling technique was employed in selecting respondents for the study. In the first stage, the 4 LGAs notable for agricultural production, were purposively selected in the zone; 5 communities, and between 8 and 10 households per community were then randomly selected in each LGA. A total of 180 household heads were selected for the study.
Techniques of data analysis
Data were analysed with descriptive statistics, probit regression technique and discriminant analysis. Frequency counts, means and percentages were used to describe study variables, including household consumption expenditure. Both discriminant and probit techniques have been employed in different situations to analyse data with categorical dependent variables. The use of household consumption (by measuring total expenditure or mean expenditure) as indicators to identify food insecure households and individuals have been well documented [6, 8, 9 ]. The probit model was used in this study to analyse the determinants of household food security status, while discriminant analysis was used to predict membership in two or more mutually exclusive groups from a set of predictors, when there is no natural ordering on the groups. In this study, farm households can be predicted to be food secure or food insecure from the knowledge of their tenure and land-use characteristics (such as farm size, age, and cropping pattern).
Specification of the probit model
The probit model employed is based on utility theory, or rational choice perspectives on behaviour [23] . For instance, it assumes that whether the ith household is food secure or not depends on an unobservable utility index I i (also known as a latent variable), that is determined by one or more explanatory variables. The larger the value of the index I i , the greater the probability of a household being food secure and vice versa. The index is expressed as
where X i are the land tenure and land-use factors such as farm size, crop mix, and use of land improvement techniques and socioeconomic factors such as age, level of education, extension contact, access to market and membership of social organizations.
To obtain the index, I i , a nonlinear estimating procedure based on the method of maximum likelihood is employed, such that hypothesis testing can be done via the likelihood ratio test [24, 25, 26] .
The discriminant model
In order to build a predictive model of group membership based on observed characteristics of each case (food secure and food insecure households), the technique of discriminant analysis was employed. The maximum number of unique functions that can be derived is equal to the number of groups minus one or equal to the number of discriminating variables, whichever is less. The coefficients for the first discriminant function are derived so as to maximize the differences between the group means [27, 28] . The discriminant analysis generates functions from a sample of cases for which group membership is known; the function can then be applied to new cases with measurements for the predictor variables but unknown group membership. That is, knowing a household's land tenure and land-use characteristics, the discriminant function can be used to determine whether the household belongs to 'the food secure' group or 'the food insecure' group. The linear combination of the discriminating variables, called discriminant function, is expressed as: D i = the value (score) on the canonical discriminant function for case m in the group k. Z i = the value on discriminant variable X i for case m in group k; (X 1 = age of household head, X 2 = level of education, X 3 = tenure rights, X 4 = farm size, X 5 = household size, X 6 = use of land improvement techniques, X 7 = cropping pattern, X 8 = membership of association, and X 9 = access to extension service), and β i = coefficients which produce the desired characteristics in the function. The variables with the largest standardized coefficients are the ones that contribute most to the prediction of group membership. The Wilks' Lambda ( λ ) is a statistical criterion that is used to add or remove variables from the analysis. At each step, the variable that minimizes the overall Wilks' Lambda is entered [29, 30] .
The a priori expectation of study variables considers household consumption expenditure as a proxy for wealth [31] . This is because wealthy households have sufficient resources to absorb the costs and risks associated with production failure and to invest in technologies that can enhance their food production potential. It is the dependent variable, measured in Nigerian currency (Naira). The expected signs on the coefficients of tenure and land-use factors are shown in Table 3 . For instance, various studies [31, 32, 33, 34] have shown that the tendency to adopt a new technology increases as farm size expands. This is capable of increasing farm production and subsequently lead to food security, hence the expected positive sign on the coefficient of farm size.
RESULTS

Household consumption expenditure and food security status
The expenditure profile and food security status of sampled households are presented in Table 1 . Households' total expenditure was N127,384.3 per annum during the period under study and food constituted the major item of consumption accounting for about 31% of total household expenditure. This was followed by expenditure on festivities, transportation and savings. Tobacco accounted for the least item of expenditure. Based on a mean of N9,098.9, households expenditure that are higher than the mean value were categorized as food secure while those below are food insecure. Only 25% of the households were categorized as food secure, while majority (75%) were categorized as food insecure.
Household land tenure and land-use characteristics About 84% of farmland was acquired through inheritance, predominantly through undivided inheritance. Other forms of land acquisition in the study area included purchased, borrowed, pledged and leased in order of predominance. Respondents generally managed small farm sizes ranging from 0.2 to 6.0 hectares with an average of about 1.87ha. Short fallow duration of 1½years was noted, with 66% of the household heads indicating that their farmlands were being continuously cultivated through the years. Focus group discussion participants claimed that this was not the case some twenty years back when average fallow period was between 10 and 20 years.
Households in the study area are predominantly male dominated, with an active mean age of about 46years but majority (79.4%) with no formal education ( Table 2 ). The average household size is 11 comprising mainly of male and female children as dependants, and are capable of increasing household consumption expenditure. More than 70% of the respondents in the study area are non-members of social organisations, and do not have access to extension service and credit facilities. Focus group discussion with the participants however, revealed that most beneficiaries received the credit facilities at odd times and, therefore, diverted its use to nonproductive activities. The major social organisations were farmers' union, crop specific associations such as maize farmers, association, women special saving groups called adache and local cooperative societies. Friends/relatives, money lenders and cooperative societies constituted the major sources of credit to few (about 19%) of the households.
Of the three main land improvement techniques used in the study area, inorganic fertilizer was most predominant, followed by crop rotation and organic manure. However, inappropriate timing and a low rate of fertilizer application, (about 165kg/ha) mainly (NPK) 15:15:15 type was recorded. This falls short of the recommended dosage of 300-400kg/ha in the area, depending on crop type [35, 36, 37] .
Determinants of households' food security status
The results from probit model estimates, including the computed elasticity at the mean values of the dependent and the independent variables, and the expected signs on the coefficients of the explanatory variables are shown in Table 3 . The statistically significant likelihood ratio chi-square at 1% level shows that the model as a whole is statistically significant, as compared to models with no predictors. That is, the explanatory variables have a significant effect individually and jointly on the probability of choice [26, 38] . Five variables: age, farm size, use of land improvement techniques, membership of association, and access to extension service were significant and had positive coefficients. The high percentage of right predictions obtained (78%) shows that the predicted outcome has maximum probability.
Classification of households into food security groups
The discriminant function generated from discriminant analysis to classify households into food security groups based on tenure and other land-use factors is shown in Table 4a . The F-test (Wilks' Lambda) of 0.981 shows that the discriminant model as a whole is significant, and with significant difference in the group mean of the dependent variable for each independent variable. This shows that the discriminant function is good for discriminating households into food security groups. This is further supported by the standardized canonical discriminant function coefficients which showed the relative importance of these variables in predicting a household's food security group. Farm size, land improvement techniques, membership of associations, and access to extension service significantly contributed to predicting the households into food security groups. Extension service recorded the highest coefficient followed by land improvement techniques, farm size, and membership of association, with the smallest coefficient of 0.09. A summary of the classification matrix using the weighted average of the two groups showed that food secure households were more accurately classified with 93.3% of the cases correct, while 92.6% of the food insecure households were correctly classified (Table 4b) . Overall, 92.7% of the original grouped cases were correctly classified.
DISCUSSION
The categorisation of 75% of the respondents into food insecure group supports the findings of other studies [6, 14, 15, 18] . The statistically significant difference in mean expenditure of the two groups of households suggests that food secure households enjoyed higher consumption expenditure than the food insecure. This, therefore, provides opportunities for them to meet other household requirements for better living conditions. The expenditure of the food secure households was significantly higher on food, transport, festivals, clothing, savings, gifts/donations and ceremonies in order of predominance. However, food insecure households recorded a significantly higher expenditure on tobacco. Though the mean expenditure of food secure households was significantly higher, food expenditure accounted for the largest component of total expenditure of the two groups of households. This implies that any developmental strategy targeted at meeting the food needs of the people will go a long way towards improving their living standard.
The analysis of tenure rights and land-use factors showed that the customary tenure arrangement was the most important way by which farm households gained access and managed land in the study area (see Table 2 ). This is capable of negatively affecting the productive investments on the farmland [13, 32] . A common feature of the tenure system is that all eligible members of local lineage or kinship groups have assured access to at least some land. However, at the same time, full ownership rights over land traditionally reside with the king (Emir), and individuals have a more restricted set of use, exclusion, and transfer rights over the land they farm as allocated by the village head (Seriki). The changing trend in land tenure systems and short fallow periods found in the study area were attributed to population pressure and the use of agricultural land for other national developmental programmes such as road construction. This supports the assertions of other studies that the changing pattern of land-use affects agricultural production efforts [3, 11, 14] . The shortened fallow periods over time and the continuous use of land by majority of the respondents signified the intensification of land-use. Focus group discussion with participants revealed that this has affected the soil fertility status and consequently reduced crop yields and household income and expenditure levels. This, therefore, commands the use of land improvement techniques. In addition, farmers' claim of low rates of fertilizer use was adduced to its non-availability and high cost. Their experience overtime and belief that inorganic fertilizer promotes crop growth was the basis for their continued use of some quantity of fertilizer on the farm irrespective of the recommended dosage. The farmers engaged in crop rotation basically for investment diversification and soil fertility improvement; and not geared towards increased farm income. A similar reason was given for the predominance of mixed cropping practice in the area. Focus group discussion participants agreed that mixed cropping guarantees a level of food security while guiding against risks associated with farm production. Few respondents who had farms closer to the homestead used organic manure, mainly cow dung and poultry waste.
The low membership of respondents in social organisations and the inaccessibility to credit facilities could be attributed to inadequate extension agents that would have provided necessary advisory services to the farming households on appropriate use of various agronomic practices and the importance of associations. Focus group discussion participants revealed that Agricultural Development Programmes in the zone were the major source of extension service, but their effectiveness was limited by problems of infrastructural facilities (such as good roads and transportation) and inadequate staff strength.
The results of probit model that age, farm size, use of land improvement techniques, membership of association and access to extension service significantly and positively influenced household food security options were consistent with the hypothesized relationships. This implies that the food security status of a household is enhanced for every unit increase or improvement in these variables. For instance, the coefficient of farm size was 0.07 units to two decimal places. This shows that a one-unit increase in farm size results in a 0.07 standard deviation increase in the predicted probit index of rural farm households. In other words, a one-unit increase in farm size increases the probability of a household being food secure by 0.07 units. This suggests that increasing the land holdings of farm households in the study area is capable of improving their food security situation. This is corroborated by findings that large farm sizes may be a proxy for access to credit and other inputs that are likely to increase agricultural productivity [32] . However, in view of the contending pressure of population and the use of land for other economic purposes, the appropriate use of land improvement technologies may be a workable alternative in the area. This is also supported by the estimates obtained for use of land improvement techniques which shows that as farm households change their attitudes from non-use towards the use of land improvement techniques, their food security situation improves by 0.20 standard deviations. Also, with a mean age of 45.7, a one-unit increase in farmers' age will increase their chances of being food secure by 0.01 units. Focus group discussion participants adduced this to the active nature of most farmers and their readiness to adopt new technologies that can enhance their farm production efforts. The coefficient for membership of association and extension service showed that these variables increase the predicted probit index by 0.14 and 0.10 standard deviations, respectively. This further corroborates the findings from other studies [13, 20] .
Though not significant, the negative coefficient of tenure status may be associated with the undivided inheritance pattern of land acquisition by majority of households. This does not encourage investment in land improvement techniques [39] . Where plots are divided, population pressure results in small average land holdings, which are cultivated almost on a continuous basis. These observations were supported by FGD participants.
The results of discriminant analysis indicating a positive significant influence of farm size, land improvement techniques, membership of association, and access to extension service imply that these variables are the most powerful discriminators that can be used to predict households into food security groups in the study area. Thus, using the discriminant function developed from the analysis of land tenure and use factors is a successful approach for predicting household membership of food security groups. In this regard farm size, use of land improvement techniques, membership of association and access to extension service are important variables that allow for discrimination and prediction of households into food security groups.
CONCLUSION
Based on the findings of this study, food expenditure has been found to account for the largest component of total household expenditure in the study area. This suggests that any developmental strategy aimed at improving food production in the area will improve the livelihood of the people. Farm size, farmer's age, use of land improvement techniques, membership of association, and access to extension service are important determinants of household food security status that have to be taken into consideration by governments and development agencies wishing to promote the food security status of households in the study area. For instance, the farming households are capable of benefiting from economies of scale by increasing their landholdings. However, the increasing man-land ratio resulting from population pressure suggests that meaningful intensification associated with proper land management is the likely development pathway. In addition, farmers need be enlightened, through intensified and vibrant extension services, on good agronomic practices and on the appropriate use of farm resources, and the importance of using credit for productive purposes rather than diverting such opportunities to unintended uses. This could be achieved by encouraging farmers to be members of associations through which adequate training opportunities could be made possible.
Also, classifying households into food security groups supports strategic policy making. Therefore, access to extension service, membership of associations, farm size and use of land improvement techniques are the most powerful variables in categorizing households into food security groups. This will streamline the activities of governmental and non-governmental food policy programmes in targeting specific group of households for programme implementation. The findings of this study thereby provide strategies aimed at improving the food security conditions of farm households. However, food security is a multifaceted concept, and cannot be treated in isolation from other indices of living standards. Therefore, efforts geared towards achieving food security should also address other areas of human and infrastructure development. 
